The success of the pesticide application is subject to meteorological conditions. The objective of this work was to determine the application windows suitable for carrying out the application of pesticides, using as parameters the analysis of historical data (2009)(2010)(2011)(2012)(2013)(2014) of air temperature, relative air humidity, wind speed, and rainfall of Uberlândia-MG. With an electronic spreadsheet, and using the ideal meteorological conditions for applying pesticides (an air temperature above 30°C, relative air humidity above 55%, wind speed between 3 and 12 km h -1 , and rainfall data lower than 0.2 mm h -1 ) as a parameter, the data were crossed with the aim to determine the times of day that weather conditions were ideal to obtain better efficiency in the application. According to the results, the relative air humidity was the main restricting criterion for the application windows, which are concentrated, on average, between 18:00 and 12:00 in the summer, and between 24:00 and 9:00 in the winter. The number of viable hours for a good application varied from 35 in the first fortnight of September to 198 in the second fortnight of March, demonstrating the great variability among the application windows throughout the year, which makes the generic recommendations of spraying time inadequate if the month of the year is not taken into consideration.
INTRODUCTION
In the current agricultural production model, the pesticide application is indispensable for most crops, with the intent of controlling pests, disease, and weeds. The applications aim to preserve the genetic potential of the plants and, consequently, to ensure high yields. However, in order to obtain success in an application it is necessary to consider various issues linked to application technology, among them weather conditions.
The air temperature and relative air humidity have a direct effect on the evaporation of the sprayed droplets, thus, it is recommended that operations be avoided when temperatures are above 30°C and relative air humidity is below 55% Wind speed directly influences the drift of the droplets, and ideally applications should be carried out with winds of up to 12 km h -1 in a constant direction. Wind speeds above 12 km h -1 run a greater risk of loss due to spray drift (MINGUELA; CUNHA, 2010) .
According to Murphy et al. (2000) , pesticide drift is characterized by path deviation of the liquid particles of the application, being influenced by, among other things, wind speed, boom height, displacement speed of the applicator equipment, and the size of the droplets. This is considered one of the greatest problems of modern agriculture. Fine droplets are more highly recommended when it comes to depositing the product on the target, providing better control results, however, this can bring about loss by evaporation and drift (NUYTTENS et al., 2011) .
When dealing with weather condition, it is important to note that the absence of wind can also be harmful as it complicates the deposition of small droplets due to rising warm air. The early morning and late afternoon are periods where the relative air humidity is higher and the air temperature is lower and are therefore considered the most suitable intervals for the applications (ANTUNIASSI, 2005) .
Rainfall and dew are also meteorological factors of great importance in the planning of applications. With regards to rain, one must observe the minimum time interval between rainfall and application, seeking to allow an adequate period for the action of the products. In the case of dew, the presence of water on the leaves when the applications occur in the night period and or/ the early morning can interfere with the application technique. In this case, the product may be diluted and eventually run due to the excess water and the action of the surfactants contained in the solutions (ANTUNIASSI, 2005) . Therefore, considering the meteorological variables, the applications should be performed while giving priority to wind speed, average temperature, and recommended relative humidity, thus minimizing the problems caused by product drift and allowing the grower success in spraying. In this sense, Nuyttens et al. (2006) verifies, in a study about the occurrence of drift in boom sprayers, that increases in relative air humidity, decreases in wind speed, and decreases in air temperature result in a reduction in drift and, consequently, in a greater benefit from the applied product.
However, a different scenario is seen in the field in which the applications are made throughout the day, without respect to suitable climatic conditions. In general, this occurs because of inadequate operational planning. In the moment that one acquires the machinery, one does not know the operational windows throughout the year, thus there is no technical aid for determining the real necessity of the operational ability of the sprayers. Few studies exist in literature about the subject, which further worsens the situation. According to Hertz et al. (2004) , an application window refers to the suitable periods for an effective application.
The variability of the atmospheric conditions brings with it uncertainties in setting up necessary equipment. These setting options serve either to prepare the mechanized units to address the most critical conditions, which consequently brings about the under utilization of the machinery and an increase in the proprietary costs, or to prepare the fleet for normal years, reducing the investment and increasing the return, but also increasing the risk of crop loss due to the operation being performed outside of the stipulated parameters or due to a fall in the quality of the product (MILAN, 2004) .
In this context, the region of Uberlândia in the Triângulo Mineiro is inserted. The region is among those that present notable relevance in the agricultural scenario, however there have not yet been many studies concerning meteorological factors and, in comparison with other regions, the data made available by the meteorological stations is still limited (SILVA et al., 2008) .
Thus, the objective of this work was to determine the application windows suitable for conducting pesticide application, using as parameters the analysis of historical data on air temperature, air humidity, wind speed, and rainfall for the region of Uberlândia-MG.
MATERIAL AND METHODS
The work was conducted through the analysis of historical data schedules of the meteorological variables air temperature (°C), air humidity (%), rainfall (mm), and wind speed (km h Uberlândia has a hot humid tropical climate with a cold dry winter represented by the symbol Aw according to the Köppen classification (SILVA et al., 2008) . The region presents an average annual rainfall which varies between 1500 and 1600 mm, 50% of which occurred in the months of December to February, characterizing the summer season. The total monthly average that represents the greatest amount of rainfall is approximately 250 mm, and the smallest amount is about 60 mm (SILVA et al., 2008) . In the summer season, which contains the hottest months of the year, the average monthly high air temperatures are in the range of 21°C to 26°C, while in the winter period the registered monthly averages are between 17°C and 22°C, annually the air average temperatures are in the range of 20°C to 25°C (ROSA; SCHIAVINI, 2006) . The relative air humidity presents a certain variation throughout the year, increasing with the start of the rains and decreasing with the arrival of the dry season, the yearly averages fall around 70% to 75% (ROSA; SCHIAVINI, 2006) , albeit during the winter the values are much lower.
The acquisition of the historical variables data was made at INMET website (http://www.inmet.gov.br), from the month of January of 2009 to the month of December of 2014. The data was tabulated in an electronic spreadsheet (Excel®), and the sequence succeeded the daily verification of the consistency of the available information. On the days that the information was inconsistent or when a variable was missing, the data was eliminated. After the transformation of the maximum and minimum values of air temperature and humidity into hourly averages was performed, and also, a unit conversion from meters per second (m s -1 ) to kilometers per hour (km h -1 ) was done for the variable wind speed.
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air humidity above 55%, wind speed between 3 and 12 km h -1 and rainfall data smaller than 0.2 mm h -1 (ANDEF, 2004; ALVARENGA et al., 2014; ANTUNIASSI, 2005) , the data was crossed with aim to determine the times of day that all four weather conditions were within the intervals recommended in order to obtain better efficiency in the application. The scoring and clustering of the hours was performed in order to generate graphs and tables with fortnight and hourly analyses.
RESULTS AND DISCUSSION
In the six years, 2009 to 2014, after filtering inconsistent weather data, it was summed 33,662 (66%) of 51,096 hours which have unfavorable conditions for the pesticides application. According to Friedrich (2004) , there is a loss of the pesticide of approximately 50% due to unfavorable application conditions. Wind is responsible for the drift of the droplets into undesired areas, while the high air temperature and low air humidity accelerated the evaporation process, principally of the water present in the droplets, which causes the active ingredient to stay in very fine droplets, subject to the drift process.
The average monthly evolutions of the hourly maximum and minimum air temperature throughout the year are showed in the Figure 1 . Note that, largely, the maximum air temperatures occurred in the period of 14:00 to 16:00 h and the minimum air temperatures occurred between 5:00 and 7:00 h. The greatest thermal amplitudes occurred in the months of May, June, July, and August, characteristic of winter in the southeast region of Brazil, which begins in the month of June. Due to the potential of water vapor to re-emitted terrestrial radiation to surface, during the summer months, or the rainy period, the nocturnal and diurnal air temperatures are less variable, principally with an easing of air maximum temperature due to changes in the total of the direct and diffuse components with the cloud cover (SANTOS, 2013). The highest average air temperatures were recorded in the months of September and October, when the maximum air temperature reached and surpassed 30°C. The lowest average air temperatures were recorded in the months of May, June, and July, reaching at the highest around 27°C. Throughout the Spring and Summer months, which are the usual months for the main crop, the maximum temperatures observed keeps below maximum limits for spraying (30°C), with the exception of the months of September and October, which reached 30°C in the period of 14:00 to 18:00 h. In terms of air temperature, in the months of January, February, March, November, and December, the amount of time available for application throughout the day is greater, due to the lower thermal amplitudes and due to the fact that the temperature is milder when compared with the months of the dry season. In the case of the second crop (the little harvest), the pesticide application is concentrated in the months of March and June, the temperature of which is viable and tends to decrease every month, mainly in the afternoon period.
Although the air temperature conditions analyzed along of day and year could be considerably ideal for pesticide applications, the relative air humidity is a factor that would decrease the amount of viable times to carry out a good application. The low relative air humidity can result in the evaporation of pesticide and/or the water before the product can reach the target. According to Lado et al. (2007) , the time of day has an important influence on the levels of relative air humidity, since in the first hours of the morning, the temperatures are lower and the relative air humidity levels are higher. Through the course of the day, the temperature tends to rise and the humidity tends to decrease. In the middle of the afternoon period, the air temperatures are at their maximum values and the relative air humidity reaches its minimum value.
In Figure 2 , the monthly hourly curves of the maximum, minimum, and average relative air humidity (UR) are presented. In the winter (June, July, August, and September) and summer (December, January, February, and March), the UR levels throughout the day are quite variable, with moments in which they are found to be above 55% and others were levels below 55% are encountered. These differences observed between the two seasons are justified by the fact that the relative humidity is the principal indicator of the formation and/or presence of water vapor in the atmosphere, clouds, and consequently, rainfall (SANTOS, 2013) . In the summer months, the times in which the minimum relative humidity is found to be lower than 55% are similar, and are typically from 13:00 to 17:00 h. Taking into consideration, the variables relative humidity and temperature, in the main crop season, between the months of December and March, the most beneficial hours for the effectiveness of the application are between 18:00 and 12:00 h. In the winter months, this pattern is changed, since the relative humidity is below 55% for the greater part of the day, decreasing the amount of application windows. Note that in the months of July and October, the average relative humidity is generally below the suitability benchmark between 10:00/11:00 and 21:00/22:00, and the months of August and September present low UR from around 8:00 and 3:00, thus having a very short daily window only at 5:00.
There is a general recommendation that the applications should preferably be carried out up until 10:00 or after 16:00, seeking better meteorological conditions. However, in the view of the aforementioned, note that this recommendation depends on the season. In the summer it is preferable that the applications be extended until noon and only recommence after 18:00 if necessary. In the winter, the applications should preferably be made until 9:00. This case shows that the employment of evaporation and drift reduction strategies is essential. The use of additives, for example, can help to minimize the evaporation phenomenon. This also shows that adjusting the droplet size to suit the climatic conditions is crucial, avoiding fine droplets in the times when conditions promote evaporation.
In Figure 3 , the average hourly values for wind speed are shown. Note that in practically all of the months, the average values conform to the recommendations indicated for spraying (higher than 3 km h -1 and lower than 12 km h -1 ). The greatest value was recorded in the month of September between 10:00 12:00 with a wind speed that reached and briefly passed 12 km h -1 at around 11:00. The greatest and smallest nocturnal averages were recorded in August and September. Throughout the year, the diurnal wind speeds were higher than the nocturnal wind speeds, with greater intensities in the hottest hours of the day (between 9:00 and 17:00).
Analyzing the data simultaneously, the relative humidity becomes the principal restricting criterion, since the temperature is suitable most of the time, with the exception of the months September and October, when the maximum temperature was greater than or equal to 30°C. The wind speed was between 3 km h -1 and 12 km h -1 , with the greatest average value in the month of September, between 10:00 and 12:00, with unsuitable speeds around 11:00. According to the analyses of relative humidity, it follows that depending on the season, the application windows are larger in the summer and narrower in the winter. Taking into account the aforementioned data (temperature, humidity, and wind speed), and excluding the unviable hours in the case of rain (rainfall > 0.2 mm h -1 ), one has In Figure 4 , the amount of viable hours in the fortnights of each month of the year is presented. Note that in the months of August and September the smallest availability of suitable hours to carry out the application was found. The highest amount of suitable hours was found in the months of November, December, January, and February. It must be emphasized that in certain years there was a sharp decrease in these hours due to the dry spells that occur when rain is scarce and consequent fall in relative humidity and rise in temperature. The forecasting of dry spells, while difficult, is highly significant for agriculture as it provides additional information for agricultural planning, for both dry and irrigated, since it can aid in the maximization of the efficient use of water in the cultivated areas (CARVALHO et al., 1999) . The amount of viable hours by fortnight is a very useful value in setting the fleet for spraying. The number of machines is a function of the operational capacity and operational rhythm necessary to spray the area in a timely manner. This in turn depends on the volume of work and on the number of viable hours. Greater numbers of viable hours bring about the need for fewer machines.
CONCLUSIONS
The relative air humidity was the main restricting criterion for viable pesticide application windows, which are concentrated on average between 18:00 and 12:00 h in summer-autumn seasons, and between 24:00 and 9:00 h in winterspring seasons.
The number of viable hours varied from 35 h in the first half of September to 198 h in the second half of March, demonstrating a great variability in the application windows throughout the year, which makes the generic recommendations of spraying time inadequate if the month of the year is not considered.
RESUMO:
O sucesso das aplicações de produtos fitossanitários está condicionado às condições meteorológicas.
Com este trabalho objetivou-se determinar as janelas de aplicação adequadas para a realização das aplicações de produtos fitossanitários, tendo como parâmetros a análise dos dados históricos da temperatura e umidade relativa do ar, velocidade do vento e ocorrência de chuva, para a região de Uberlândia-MG, no período de 2009 a 2014. Com o auxílio de uma planilha eletrônica, e tendo como parâmetro as condições meteorológicas ideais para a realização das aplicações de fitossanitários (temperatura abaixo de 30°C, umidade relativa acima de 55%, velocidade do vento entre 3 e 12 km h -1 e dados de pluviosidade menores que 0,2 mm h -1 ), fez-se o cruzamento dos dados com o intuito de verificar em quais horas do dia as quatro condições climáticas estavam dentro dos intervalos recomendados para se ter uma melhor eficiência nas aplicações. De acordo com os resultados, pôde-se concluir que a umidade relativa do ar foi o critério principal de restrição para as janelas de aplicação, que estão concentradas, em média, entre as 18 h e 12 h no verão, e entre as 24 h e 9 h no inverno. O número de horas viáveis para uma boa aplicação variou de 35 na primeira quinzena de setembro a 198 na segunda quinzena de março, demonstrando a grande variabilidade das janelas de aplicação ao longo do ano, o que torna as recomendações genéricas de horário para pulverização inadequadas se não for levado em consideração o mês do ano.
